While numerous studies have established the adverse independent effects of clinical conditions including neurocognitive dysfunction, psychiatric illness, and substance abuse/dependence on medication adherence among HIV-infected adults, fewer have studied their interactive effects. The current study examined this issue among 204 HIV-infected participants based upon current neurocognitive functioning and DSM-IV-diagnosed psychiatric illness and current substance abuse or dependence. Results confirmed that participants with any of these risk factors demonstrated poorer adherence than individuals with no risk factors. A neurocognitive status × substance abuse/dependence interaction was also identified such that participants with impaired neurocognition and a co-occurring substance abuse/dependence diagnosis demonstrated the poorest adherence. Results confirm the deleterious impact of these risk factors in isolation and also identify a specific interactive effect for individuals with comorbid neurocognitive impairment and a substance abuse/dependence disorder. Findings highlight the need for interventions that simultaneously address these problems.
Introduction
Adherence to highly active antiretroviral therapy (HAART) remains a critical clinical issue in HIV treatment, as suboptimal adherence rates can decrease treatment efficacy and increase risk of adverse patient outcome (Bangsberg, 2006; Lima et al., 2007) . It is well established that demographic factors including younger age (Hinkin et al., 2004) , fewer years of education (Bottonari et al., 2012) , low health literacy (Wolf et al., 2007) , lower socio-economic status (Golin et al., 2002) , and ethnic minority status (Hatzenbuehler, Nolen-Hoeksema, & Erickson, 2008; Thames et al., 2012) are associated with lower medication adherence rates. Additionally, studies have demonstrated that clinical conditions including neurocognitive impairment, psychiatric illness, and current substance abuse/dependence also have an impact on adherence (Becker, Thames, Woo, Castellon, & Hinkin, 2011; Ettenhofer, Foley, Castellon, & Hinkin, 2010; Hinkin et al., 2002 Hinkin et al., , 2004 Hinkin et al., , 2007 Hendershot, Stoner, Pantalone, & Simoni, 2009; Panos et al., 2013; Thames et al., 2012; Woods, Moore, Weber, & Grant, 2009) .
Studies focused on neurocognition have demonstrated that cognitively impaired individuals exhibit a significantly greater risk of poorer adherence compared with cognitively intact adults (Hinkin et al., 2002; Woods et al., 2008) . A number of studies have also identified that psychiatric illness, spanning the spectrum from apathy to depression to bipolar disorder, also adversely affects adherence rates among HIV-infected adults (Moore, Posada, et al., 2012; Safren et al., 2001; Thames et al., 2011) . With regard to illicit drug use, active substance abuse and dependence have a significant negative impact on adherence, particularly when stimulants are involved (Hinkin et al., 2007; Moore, Blackstone, et al., 2012) . Alcohol abuse and dependence have also been linked to poor adherence (Berg, Michelson, & Safren, 2007) . These and several other studies conclusively identify that neurocognitive impairment, psychiatric illness, and substance abuse/dependence significantly interfere with treating HIV/AIDS and are important targets for intervention in treatment protocols.
While there is considerable evidence that each of these factors, in isolation, may affect medication adherence in HIV-infected individuals, few studies have examined and compared the concurrent presence of multiple risk factors. However, adherence behaviors are affected by multiple different demographic, psychosocial, and diagnostic factors that in turn influence each other (Ickovics & Meade, 2002) . For example, psychiatric illnesses often trigger increased substance use behaviors and also can interfere with cognitive functioning (Porter, Gallagher, Thompson, & Young, 2003; Swendsen & Merikangas, 2000) . At the same time, individuals who abuse substances are at an increased risk of developing psychiatric illnesses and cognitive problems over time (Scott et al., 2007; Swendsen & Merikangas, 2000) .
Given that many HIV-positive patients exhibit multiple comorbidities, studies examining a range of concurrent risk factors are needed. Particular combinations of co-morbid risk factors may present a greater impediment to adequate adherence than do others. There is evidence that certain drugs (e.g., cocaine) may perturb the function of the blood -brain barrier and influence the progression to AIDS in HIV-infected individuals. Moreover, HIV-infected individuals who abuse substances, including stimulants and alcohol, are at an increased risk of significant neurocognitive impairment (Rippeth et al., 2004; Rothlind et al., 2005) . There is also evidence that psychiatric illnesses share similar neurochemical alterations with drug (particularly stimulant) dependence, including alterations in the function of serotonin, dopamine, and peptide systems. Therefore, there is a neurobiological basis for potential additive or interactive effects between psychiatric disease, substance abuse/dependence, and neurocognitive impairment. In line with this, one recent paper reported that HIV-infected methamphetamine users demonstrated poorer self-reported medication adherence when comorbid neurocognitive impairment was present (Moore, Blackstone, et al., 2012) providing support for the aggregate influence of comorbid drug use and compromised neurocognition on adherence. Their paper also reported that a lifetime history of depression independently predicted poorer adherence.
Additional studies on how varying combinations of these risk factors impact adherence over time are warranted. The aims of the current study were to objectively determine medication adherence rates among individuals with single and comorbid risk factors that are diagnostically relevant in a clinical setting (i.e., neurocognitive impairment, psychiatric illness, and substance abuse/dependence). We first hypothesized that these factors would individually predict poorer adherence. We also hypothesized that individuals with two risk factors would exhibit poorer adherence than individuals with one risk factor. However, some risk factor combinations, such as substance abuse/dependence and neurocognitive impairment, might have a more pronounced impact than other combinations. We therefore ran additional analyses to determine if specific combinations of risk factors particularly associate with poor adherence.
Methods

Participants
This sample included 204 HIV-infected adults recruited from HIV treatment facilities throughout the greater Los Angeles area. Participants were on average 41.8 years of age (SD ¼ 7.3) and completed 13.0 years of education (SD ¼ 2.0). The majority were male (83.1%) and African American (64.2%). Approximately half (52.5%) met diagnostic criteria for AIDS. All participants were on HAART regimens throughout the study. This work was conducted with the approval of the local institutional review board for protection of human subjects (see Table 1 for complete demographic and clinical information).
Procedure
After providing informed consent, participants completed a demographic questionnaire and structured clinical interview, and then a battery of neuropsychological tests. Participants were prescribed self-administered HAART throughout the course of the study. Trained psychometrists conducted all testing under supervision of a board-certified neuropsychologist while psychiatric interviewing was conducted under the supervision of a licensed clinical psychologist. Participants were instructed how to use the medication adherence monitoring system, as described below. Participants were then scheduled to return at 1-month intervals over 6 months after the baseline testing.
Participants were excluded if they had an adherence rate of ,5% at the 1-month follow-up (n ¼ 5), resulting in a final sample of 204 participants. All procedures were approved by local institutional review board panels.
Measures
Medication adherence. Medication adherence was measured through both self-report and Medication Event Monitoring System (MEMS) measures (see Hinkin et al., 2002 Hinkin et al., , 2004 Hinkin et al., , 2007 for additional details on MEMS cap procedures). Consistent with previous studies (Hinkin et al., 2002 (Hinkin et al., , 2004 , a single antiviral medication per participant was selected for both MEMS monitoring and self-report. Participants were informed to only open the MEMS cap while taking a dose and to refill the bottle at a time they ordinarily took a dose. They were explicitly instructed to not use pill organizers or rely on pocket dosing. At the 1-month follow-up visits, data from the MEMS caps were downloaded. Adherence rate was calculated as the percent of doses taken relative to total doses prescribed. A proportion of the sample (n ¼ 31; 13.4%) had 1 or 2 months of missing MEMS data over the 6-month period. To include them in the main analyses, missing data were imputed by averaging the adherence rates of the months before and after the missing data point. Missing data at the 6-month point was imputed by reentering data from the fifth month point. Participants with 3 or more missing months of MEMS data and those missing two consecutive months of MEMS data were excluded from the study.
Neuropsychological Assessment
Participants completed a neuropsychological test battery (see Table 2 for a list of tests employed). Deficit scores for each variable were computed in the manner developed by Heaton et al. (2004) in which deficit scores were assigned to T-scores as follows:
A global deficit score (GDS) was then calculated by averaging deficit scores into a single score (see Heaton et al., 2004 for a detailed description of this approach). To maximize specificity and ensure that participants in the cognitively impaired group demonstrated significant neurocognitive impairment, we employed a conservative cut-point of 1.0. The GDS score was dichotomized into impaired (GDS ≥ 1.0) and unimpaired (GDS , 1.0) categories. Sixty-one participants (29.9%) were classified as neurocognitively impaired.
Substance Abuse/Dependence and Psychiatric Status
Psychiatric status was assessed through a modified version of the mood and psychotic spectrum modules from the Structured Clinical Interview for the DSM-IV (SCID-IV). Participants who met criteria for a current major depressive episode, bipolar disorder, manic episode, or psychotic episode were classified as having a psychiatric disorder. Current drug and alcohol abuse/dependence were also assessed with the SCID-IV. Drugs assessed included cocaine, amphetamines, opiates, cannabis, and sedatives. Individuals who met DSM-IV criteria for current abuse or dependence were classified as having a substance abuse/dependence disorder. Using the SCID-IV, we identified 44 participants (21.6%) with a current psychiatric condition and 84 (41.2%) participants with current substance abuse or dependence. Regarding comorbid risk factors, 20 participants (9.8%) had both neurocognitive impairment and current substance abuse/dependence, 10 participants (4.9%) had comorbid neurocognitive impairment and psychiatric illness, and 19 participants (9.3%) had current psychiatric illness and substance abuse/dependence.
Data Analysis
First, the Jonckheere-Terpstra (J -T) test of incremental risk was run to confirm that two risk factors was worse than one risk factor, which was in turn worse than no risk factors on overall adherence. Next, the key analysis examined the main and interactive effects of risk factors on overall medication adherence using a three-way ANCOVA. We controlled for age, years of education, ethnicity, and comorbid neurological illness, as prior studies have reported that these variables can affect adherence (Hinkin et al., 2002 (Hinkin et al., , 2004 Kalichman, Ramachandran, & Catz, 1999; Thames et al., 2012) . Comorbid medical conditions that were controlled for included active seizure disorder and history of stroke or head trauma resulting in a loss of consciousness exceeding 60 min. Significant two-way interaction effects were plotted and interpreted. We did not interpret the three-way interaction given the small number of participants with all three conditions (n ¼ 3).
Results
Jonckheere-Terpstra Analysis
The J-T test for all three groups was significant (J -T statistic ¼ 22.9, p ¼ .004). Mean adherence for no risk factors was 77.3% (SD ¼ 17.5), for one risk factor was 64.4% (SD ¼ 27.0), and for two risk factors was 62.8% (SD ¼ 28.0). Based on these means, it is evident that the no risk factor group had the best adherence. Contrary to expectations, the J -T test between 
Main Analysis
ANCOVA was run to examine adherence levels in individuals with different combinations of the risk factors. The ANCOVA identified main effects in the expected direction (see Table 3 ). The substance abuse/dependence main effect was significant, F(1,  192) 2 ¼ 0.039, such that participants who had comorbid neurocognitive impairment and substance abuse/dependence exhibited disproportionately poorer adherence than either condition in isolation (see Fig. 1 ). There was no neurocognitive status × psychiatric illness interaction effect, F(1, 192) ¼ 0.2, p ¼ .646, and no psychiatric illness × substance abuse/dependence interaction effect, F(1, 192) ¼ 0.2, p ¼ .674.
Discussion
Neurocognitive impairment, substance abuse/dependence, and psychiatric illness have all been associated with lower rates of medication adherence among HIV-infected adults. To date, however, few studies have evaluated the aggregate impact of varying combinations of these three major risk factors. Our findings address this gap and highlight issues regarding the impact of these risk factors on medication adherence in HIV. Consistent with the literature (Hinkin et al., 2002 (Hinkin et al., , 2007 Moore, Blackstone, et al., 2012; ), individuals with current cognitive dysfunction, substance abuse, or psychiatric illness demonstrated poorer medication adherence than did those without any of the abovementioned risk factors. Although neurocognitive dysfunction only demonstrated a trend toward significance for this analysis, results were significant when the covariates were taken out. This finding suggests, at least in this sample, that the other variables accounted for more of the variance that explained adherence. Given the broad literature reporting the impact of neurocognitive impairment on adherence (Hinkin et al., 2002; Woods, Moore, et al., 2009) , it is premature to conclude that neurocognitive status is less important than substance abuse/dependence and psychiatric illness. Furthermore, and as discussed below, results do highlight the importance of neurocognitive dysfunction in combination with comorbid substance abuse/dependence. Contrary to our hypothesis, two risk factors did not predict poorer adherence than one risk factor. However, the ANCOVA identified an effect for two risk factors although this effect was masked when the risk factors were aggregated together. The two-way interactions allowed us to examine different combinations of these variables. We did not identify any interactive effects between psychiatric illness and other risk factors. This result is consistent with a previous investigation that reported that lifetime depression contributed to poorer adherence but did not interact with other risk factors (Moore, Blackstone, et al., 2012) . We also identified a specific neurocognitive impairment by substance abuse/dependence interaction effect such that individuals with both risk factors had the worst adherence among all the groups. Active substance abuse/dependence, particularly involving stimulants, is a well-established predictor of poor adherence (Arnsten et al., 2002; Hinkin et al., 2004 Hinkin et al., , 2007 Moore, Blackstone, et al., 2012) , and this appears to be particularly potent when combined with neurocognitive impairment. It has previously been reported that HIV-infected individuals with stimulant dependence and neuropsychological impairment exhibit poorer adherence (Moore, Blackstone, et al., 2012) . There may be a neurobiological relationship between certain illicit drugs and neurocognition in HIV which in turn further worsens medication adherence. Although the mechanisms behind this relationship remain speculative at this time, both the HIV virus and some drug classes (e.g., methamphetamines) result in increased excitotoxicity, due to both direct mechanisms as well as indirect neuroinflammatory responses to both the virus and drugs (Rippeth et al., 2004) . Substance use-related neurocognitive compromise and HIV-associated neurocognitive dysfunction can both contribute to poor adherence. From a behavioral standpoint, it is also likely that individuals who exhibit difficulty remembering and organizing their medication regimes simply have greater difficulty doing so when they are intoxicated. Another interpretation is that poor adherence leads to a worsening of HIV-associated immunocompromise, which in turn results in additional declines in neurocognitive functioning (Ettenhofer et al., 2010) .
Treatment implications of these data warrant attention. As the HIV population ages, the prevalence of individuals with neurocognitive impairment is likely to rise, and those who continue to have substance abuse/dependence diagnoses are at an increased risk of poorer medication adherence. This subset of individuals may require more managed care and regular follow-up with healthcare professionals to maintain adequate adherence rates. Clinicians would therefore benefit from formally evaluating their patients' neuropsychological status while assessing for frequency of substance use as part of treatment planning. Specific treatments that simultaneously target substance use and adherence, such as motivational interviewing (Safren et al., 2001) , may be viable intervention strategies for individuals with substance use disorders. However, when neurocognitive impairment is also present, compensatory strategies that require top-down planning and prospective memory, such as medication monitoring, are less effective (Woods et al., 2008) . Such patients may require a more structured managed-care setting where other individuals can assist with their daily regimens. Even less drastic measures, like bolstering social support networks, have been shown to improve adherence . For those with neurocognitive compromise, an added benefit might be the assistance of family members or companions who can assist with medication adherence. Studies identifying possible treatment combinations for this vulnerable subset of individuals are certainly warranted.
Several limitations bear mention. The psychiatric and substance abuse/dependence variables are aggregates of multiple individual disorders. While grouping together several psychiatric disorders or several drugs of abuse under one factor has benefits with regards to data analysis, it may obscure the unique contribution of specific psychiatric diagnoses or drug of abuse. MEMS caps have their own limitations as well. Use of such caps is cumbersome, leading some participants to cease using them to dispense their medication, particularly over time. It is therefore possible that the data underestimate actual adherence rates. Our sample of individuals who presented with all three risk factors was small, which limited our ability to formally evaluate this group. In addition, only 12 participants exhibited both psychiatric illness and neurocognitive impairment, which may account for the lack of any significant interaction effects. We also do not have information about treatment history for any psychiatric illnesses that may have influenced results. Additional studies on individuals with psychiatric illness and other comorbidities are required before we can determine whether a certain combination of risk factors (e.g., bipolar disorder with substance abuse/dependence) has a greater impact on adherence behaviors than others.
In addition, it should be noted that there was a large proportion of unexplained variance in the models, as several other known adherence risk factors, such as poor health literacy, regime complexity, length of illness, low social support, and poor self-efficacy were not formally evaluated. As such, we cannot comment on how they might have interacted with the measured risk factors. Finally, a few patients had comorbid neurological conditions. While we did statistically control for this variable in the ANCOVA, additional influences of these conditions might still be present, particularly in another sample that might have a greater proportion of neurologically compromised participants. It may also be that some of the observed relationship between medication adherence and risk factors were driven by the neurological illnesses and are not specific to HIV itself.
Our results demonstrate that HIV medication adherence is greatly compromised when neurocognitive impairment is combined with substance abuse/dependence. Future research should establish possible protective mechanisms that may mitigate against negative outcomes in the face of these otherwise deleterious risk factors. This in turn may allow for the development of treatment protocols specifically designed to reduce risk and improve health outcomes for this particularly vulnerable population.
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